Effects of ovariectomy and 17beta-estradiol treatment on the renin-angiotensin system, blood pressure, and endothelial ultrastructure.
The purpose of this study was to determine whether the renin-angiotensin system (RAS), nitric oxide (NO), atrial natriuretic peptide (ANP), blood pressure (BP), ultrastructural characteristics, and endothelium-dependent relaxation of thoracic aorta were modulated by the estrogen level. Rats were divided into 3 groups: ovariectomized (OVX); not ovariectomized (sham); and ovariectomized and treated with subcutaneous 17beta-estradiol (15 microg/kg/day, OVX+E(2)) (n=15-17 per group). For 13 weeks after surgery, blood pressure, serum estrogen, NO, plasma angiotensin II (Ang II), ANP, and renin activity levels were monitored. Thirteen weeks after surgery, the vasodilator responses of the aortic rings to acetylcholine and the ultrastructural characteristics of the thoracic aorta were determined. In the 9th and 13th week, OVX rats had a significantly higher blood pressure than the other two groups (p<0.05). Ovariectomy led to a significant decrease in plasma Ang II level and a significant increase in renin activity in OVX rats compared to sham rats; this effect could be reversed by estrogen treatment. In the 5th, 9th, and 13th weeks, the serum NO level was significantly lower in the OVX group than in the sham group (p<0.05); this effect could be reversed by estrogen treatment. Plasma ANP levels in the 9th and 13th weeks were significantly lower in the OVX group (p<0.05), and plasma ANP levels could be completely restored by estrogen treatment. Ovariectomy markedly reduced endothelium-dependent relaxation in response to acetylcholine in isolated rat thoracic aortic rings; chronic estrogen treatment significantly restored endothelium-dependent relaxation in response to acetylcholine. Under electron microscopy, the endothelial cells in OVX rats were swollen, even necrosed; estrogen treatment inhibited these changes. These results strongly suggest that estradiol protects rats from the development of hypertension and has a protective effect on the endothelium by increasing NO and ANP levels while decreasing renin activity. However, there was a discordance between the effects that estradiol had on angiotensin II and on blood pressure. This might be the result of negative feedback that ultimately results in the overall suppression of the RAS.